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Abstract
The paper presents the aims and research plan of the CONFORMED project (Conformance Of Radiologi-
cal/Medical Devices). This three-year project will develop tools and techniques for modelling and testing ra-
diotherapy equipment. Formal specifications in LOTOS (Language Of Temporal Ordering Specification) will be
used to model accelerators formally and to derive tests rigorously based on these specifications.
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1 Introduction
This paper briefly introduces the CONFORMED project (Conformance Of Radiological/Medical Devices). The
three-year project is being undertaken from October 2000 at the University of Stirling, with funding from the
NCC (National Computing Centre). The research is being undertaken in conjunction with the Oncology Physics
Department, Western General Hospital, Edinburgh. Since the project started only recently, the paper concentrates
on the goals of the work.
1.1 Project Aims
The project aims to combine scientific investigation of conformance testing with a practical application to the
safety of radiotherapy equipment. A number of radiation accidents due to software failures have been well docu-
mented (e.g. [14, 15]). Existing results from testing theory and conformance testing will be significantly extended
during the project for the evaluation of radiotherapy equipment. Formal specifications in LOTOS (Language Of
Temporal Ordering Specification [8]) will be used to ensure that functional and performance aspects of this equip-
ment are accurately captured. These specifications will be used to derive and apply tests in a rigorous manner.
This will ensure that testing is systematic, thorough and objective. Testing is necessary when medical equipment
is commissioned (to check the integrity of design and implementation), and also during its operational lifetime (to
check for deterioration or changes due to system upgrades).
The general aim is to develop and demonstrate methods and tools for formulating specifications of radiotherapy
equipment, and for conducting tests based on these specifications. The types of radiotherapy equipment typically
used in UK hospitals will be studied. Computer-controlled radiotherapy equipment is widespread. Clearly its
correct design and operation are safety-critical. Modern accelerators are entirely dependent on software to control
beam settings and movement. Increasingly complex demands are being placed on the software (e.g. high dosage
with pinpoint accuracy, real-time control of treatment in three dimensions). Software problems for accelerators
include real-time demands, quality assurance, configuration control and handling periodic upgrades. Typical
guidelines for accelerators [16] recommend rigorous specification and testing, but note that such procedures need
to be developed.
Medical equipment is a significant industry within the UK, though sadly the major radiotherapy machines
manufacturers (International General Electric/CGR, Philips Medical, Siemens, Varian Medical Systems) under-
take R&D elsewhere. This creates a major problem because radiotherapy equipment is developed outside the
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UK but has to be tested in the UK. As an indication of the scale of the problem, around 300 radiotherapy accel-
erators are currently used in this country. There is an opportunity for the UK to develop specialist expertise in
radiotherapy equipment testing, and to establish norms for this.
Technical spin-offs from the project will be methods, tools and specifications for testing equipment such as that
used in radiation treatment. More widely, these methods and tools will be applicable to safety-critical and quality-
critical computer-controlled systems. The results of the project will have impact on the communities dealing with
radiotherapy and oncology, formal methods, and safety-critical systems.
1.2 Related Work
A review of standards for software-controlled medical devices is given in [12]. The main international standards
of relevance to the project are those in the IEC 601 series. This is a very large collection of standards, specifically
including programmable electrical medical systems [5, 6]. A number of subsidiary standards concern accelerators
[7]. The US FDA (Food and Drug Administration) has published guidelines on Good Manufacturing Practice
[2] that are relevant to software-controlled medical devices. Radiotherapy machines are typically certified by the
FDA before they are sold anywhere in the world. The American Association of Physicists in Medicine has laid
down a code of practice specifically for radiotherapy accelerators [16]. The Canadian Atomic Energy Authority
also plays an active role in regulating radiotherapy devices. In Europe, the EC is defining standards for safety of
medical equipment (e.g. the Medical Devices Directive [1]). More general software development standards are
also relevant to the project, such as the ISO/IEC 9000 series on quality assurance and its European EN equivalents.
Many projects in the UK and elsewhere have worked on the development of formal methods. A number of
formal languages, including LOTOS, have been internationally standardised as FDTs (Formal Description Tech-
niques [20]). As far as the author knows, radiotherapy equipment has attracted surprisingly little attention from
the formal methods community. [18] is one of few contributions, having made use of LOTOS to investigate equip-
ment characteristics. The only other work known to the author has used Z [17] in the development (not testing) of
software for a radiation therapy machine [11]. The application of conformance testing methods to performance is
largely uninvestigated.
LOTOS is a flexible specification language that has been used in a variety of industrial sectors including
safety-critical ones (e.g. avionics, railway signalling, vehicle control and medical devices). An enhanced ver-
sion, E-LOTOS (Enhancements to LOTOS), is currently being standardised [10]. For the project, the most relevant
enhancements being developed in E-LOTOS concern the specification of time and hence performance. The project
will therefore exploit E-LOTOS in its work. However because E-LOTOS is relatively recent, it will be necessary
to develop a new theory of conformance testing for it. Tools for LOTOS are readily obtainable, but for E-LOTOS
are only now being produced [3]. The project therefore expects to undertake its own tool development for confor-
mance testing.
2 Project Workplan
2.1 Goals
The aim of the project is to support a safer environment for treatment of patients through radiation therapy. The
main goals are:
to define a method for specifying the functional and performance characteristics of radiotherapy accelerators
to develop a method for deriving and applying rigorous tests based on formal accelerator specifications
to develop prototype tool support for the methods
to demonstrate the methods and tools through realistic case studies.
The secondary goals of the project are:
to generalise from the project results to safety-critical systems generally
to establish links with relevant health authorities and national committees
to establish links with radiotherapy equipment suppliers in the UK.
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2.2 Research Activities
The following tasks will be performed, in iterative steps where possible. This will allow early experience of the ap-
proach as it develops, feeding back into later enhancements of the techniques and tools. The project is currently at
the stage of a literature and tools survey. The main topics of interest are formalising (non-)functional requirements
using LOTOS, conformance testing based on LOTOS, radiotherapy accelerators and treatment practices.
Radiotherapy machines are quite different in functionality and characteristics from most computer-controlled
systems. It will be necessary to identify clearly the functions that radiotherapy machines perform and the per-
formance requirements that they must meet. Although there has been some standardisation of what radiotherapy
machines must do, this has mainly dealt with outputs rather than inputs. The specifications written by manu-
facturers are necessarily proprietary and are not generic. It will therefore be necessary to ‘reverse engineer’ the
requirements for radiotherapy machines in general. A proper relation between inputs and outputs will need to be
established, and performance characteristics will have to be defined. The work will concentrate on functionality
and performance rather than ergonomic aspects. It will be necessary to consider the behaviour of radiotherapy
machines if they are misoperated, the extent to which partial failures in a machine may compromise its correct
operation, and where fail-safe recovery is required. A major improvement needed in the current understanding of
radiotherapy machines is clarifying the sources and severity of potential problems. It is also important to ensure
that the machine manipulates reality and not just some internalisation of it. The aim is to define a high-level
statement of requirements that can be specialised for any particular radiotherapy machine.
The requirements definition for radiotherapy machines will be formalised using LOTOS – a language that
has proved very suitable for compactly and precisely describing system architecture and behaviour. The LOTOS
community has already gained experience of specifying medical devices (e.g. [18, 19]). It will be important,
however, to describe performance aspects of radiotherapy machines. For this reason, the project will use E-
LOTOS that is currently being standardised by ISO. E-LOTOS offers new features for specifying performance and
timing aspects. Other extensions such as improved data types and modularity will also be useful to the project.
The result of this work will be formal specifications in E-LOTOS of the functionality and performance expected
of a radiotherapy machine.
The notion of conformance testing is well developed in data communications [9]. Formal methods for con-
formance testing have also been investigated, including techniques based on LOTOS (e.g. [4, 13]). The scientific
challenges facing the project are to adapt such approaches to the field of radiotherapy, to devise testing techniques
for E-LOTOS, and to develop a means of testing performance based on E-LOTOS. Conventional methods for
testing radiotherapy machines will need to be reconciled with a formally-based approach. Current radiotherapy
practice is very thorough in validating machine outputs, but less so in validating inputs and the input-output re-
lationship. Various techniques are known for deriving tests from a LOTOS specification. These will need to be
extended to deal with E-LOTOS, since formal derivation of tests for performance as well as functionality has not
yet been investigated for E-LOTOS. The outcome of this task will be test suites derived from the formal specifica-
tions of radiotherapy machines. Because of the complexity of this task, tools will be developed for automated test
derivation based on the theory. Tools will also be developed for automatically applying and evaluating these tests
on actual equipment.
Two case studies will be performed using different accelerators. It is hoped to involve equipment manufactur-
ers in the case studies, since the manufacturers have an intense interest in the safety of their products. The case
studies will involve producing specialised LOTOS specifications that reflect the characteristics of each machine.
From these, machine-specific test suites will be derived. The test suites will be used in various ways: in a simu-
lated commissioning test, to validate correct operation after a system upgrade (of software or hardware), and for
routine maintenance checks. The case studies will allow the applicability and usability of the method and tools to
be assessed.
3 Conclusion
Although the CONFORMED project has just started, it has real potential to introduce formal methods in testing
radiotherapy accelerators. As the project unfolds, it is hoped that it will effectively complement the careful testing
already undertaken by manufacturers.
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